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Annomauyusn

ITocTaHoBKa 3aJa4M: B paMKaxX KOMIUIEKCHOTO MPOEKTA 110 CO3AAHMIO BEICOKOTEXHOJIOTHYHOTO POM3BO/ICTBA, BBINOIHIEMO-
r0o T0 MHHULMATHBEe MarHUTOropcKOro METaJUTyprH4eckoro KOMOWHATa ¢ ydJacTHeM MarHHTOrOpCKOrO TOCYIapCTBEHHOTO
TexHuueckoro ynusepcurera uM. .M. HocoBa u Tepmoneopm-MI'TY, pa3pabarbiBacTcsi TEXHONOTHSI MPOM3BOACTBA UM-
MOPTO3aMEIIAIOIIEr0 HAaHOCTPYKTYPHUPOBAHHOTO JICTOBOTO MPOKATa C YHUKAIBHBIM KOMIUIEKCOM MEXaHWYCCKUX CBOMCTB.
Ieab padoThl: HcceIOBaHIE 3aBUCUMOCTH TBEPJOCTH U YAAPHOH BA3KOCTH OT XUMHUYECKOTO COCTaBa U PEKUMOB TEPMIUeE-
CKOM 00pabOTKH HaHOCTPYKTYPHPOBAHOTO BBICOKOIPOYHOIO JIMCTOBOTO npokara. Kcmosib3yeMble METOIBI: C HCIOIb30Ba-
HHEM 000pyI0BaHus J1abopaTopHOro komiuiekca «Tepmonedopm-MI TY» npoBenieHa BhITUIABKA CIMTKOB C PA3IMYHBIMU XH-
MHYECKUMH KOMIIO3MIIMSIMH, KOTOPbIE B MOCJIEIYIOLIEM IIO/IBEPraluch ropsiueii nedopmaly 1 TepMH4eckoii 00paboTke 1o
pazmaHBIM pexnMaM. [ocie Tepmudeckoii 00pabOTKH OBUT OCYIIECTBIICH PACKPOH MOTYYCHHBIX PacKaToB IS H3MEPEHHS
TBEPJIOCTH ¥ TIPOBEICHMS UCIBITAaHIH HA yaapHBIA m3rud. [lomydeHHsIe pe3ynpTaTsl MEXaHHYECKIX MCTIBITAHNHA B JTalTbHEH-
IIeM TOJIBEPTaJICh CTaTHCTHYECKol 0OpaboTke. HoBH3Ha 3aKiitoyaeTcss B pa3pabOTaHHBIX JUISl BEICOKOIIPOYHOIO JIUCTOBOTO
MPOKATa MATEMAaTHIECKUX 3aBUCUMOCTSIX TBEPAOCTH U yJAPHON BA3KOCTH OT XUMHYECKOTO COCTAaBA M PEKUMOB TEPMUIECCKOM
00paboTku. Pe3yJbTaT: Ha OCHOBE CTATUCTHYECKOH 0OPabOTKH SKCIIEPHIMEHTANIBHBIX JJAHHBIX MOTy4YeHbI YPaBHEHHS 3aBUCH-
MOCTH TBEPJIOCTH M YIAPHOH BSI3KOCTH OT XUMHUYECKOI'O COCTaBa M PEKMMOB TEPMHIECKOH 00pabOTKH BBICOKOIIPOYHOTO JIH-
CTOBOTO npokara. Taxke B Iporiecce NCCIE0BAHNH BBISIBIICHO, YTO OTITYCK BEICOKOTIPOYHOM CTaIIM CUCTEMBI JiernpoBanust Cr-
Ni-Mo-V ¢ 0,3% C B temmeparyprom untepBaie 250-400°C siBisieTcsi HEKENaTeNbHBIM, TIOCKOJBKY B JAHHOM [HAIa30HE
TeMITepaTyp HaOII0AAETCs pa3BUTHE HEOOpaTIMOM OTIycKHON XpynkocTy. [IpakTHyeckast 3 HAYMMOCTB. C HCIOJIB30BaHHEM
pa3zpabOTaHHBIX MATEMaTHIECKUX 3aBUCUMOCTEH BO3MOXKHO CO3/IaHHE HOBBIX MM KOPPEKTHPOBKA ICHCTBYIOIINX TEXHOJIOTH-
YECKHX PEXHUMOB IIPOU3BOJICTBA BEICOKOIIPOYHOTO JIUCTOBOTO MPOKATA.

Knroueswie cnosa: BBICOKOIIPOYHAs CTajlb, TCPMUYICCKas 06pa60T1<a, TBEPAOCTD, yAapHas BA3KOCTb, CTaTUCTUYECKHUH aHAIIN3.

Paboma nposedena npu gunancosoti noooepicxke Munobpnayku Poccuu 6 pamkax peanuzayuu KOMHIEKCHO20 HPOEK-

ma no co30aHUI0 BbICOKOMEXHOIOZUUHO20 NPOU3B00CMBA, GLINOTHAEMO20 C YUACIMUEM POCCUTICKO20 BbICULE20 YHeOHO20
3asedenus (0ozosop 02.G25.31.0105).

«MarHuToropckuii  TOCyapCTBEHHBIM TEXHUYECKUI

Beenenne yauBepcuteT uM. .M. HocoBa» 1 OOO «Tepmone-

¢$opM-MI'TY» pazpabaTbiBacTCs TEXHOIOTHS MPOH3-

BOJICTBA UMIIOPTO3aMELIAIOILET0 HAHOCTPYKTYpPUPO-

BAHHOI'O JIUCTOBOI'O IMPOKATa € YHUKAIBHBIM KOM-

TUIEKCOM MeXaHuueckux cBo#cTB [1, 2]. Ienpto maH-

HOT'O IPOCKTa ABIACTCA CO3AAHNC U OCBOCHHC IIPOU3-

© Yykun M.B., [Tonenxos ILI1., Habaruukos JI.I"., I'ymuna M.C., BOJCTBA HOBBIX HAHOCTPYKTYPHMPOBAHHBIX BBICOKO-
Anexcees JLIO., Xaxumysumn K., 2016 MPOYHBIX CTAJIEH CO CIIOKHBIM KOMIUIEKCOM CBOMCTB.

B paMkax KOMIUIEKCHOTO TPOEKTa MO CO3JaHHIO
BBICOKOTEXHOJIOTHYHOTO TIPOU3BOJICTBA,  BBIMOJHSC-
Moro 1o wmHuImatuBe OAQO «MarHUTOTOPCKHHA Me-
TaJDTyprudecKiii komomHaT» ¢ ydyactuem ®I'bOY BO
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MeTtoauka MMpoBeACHUA HccJIe10BaHMi

B mpouiecce peanuzanuy npoekTa B yCIOBHUSX Jia-
OopartopHoro komrmiekca «Tepmonedopm-MITY»
ObUIM TIPOBEJCHBI HCCIICJIOBAHUS BIMSIHUS XUMHYe-
CKOTO COCTaBa M TEMIIEPATyphl OTITyCKa Ha MEeXaHH4e-
CKHE CBOICTBA HAHOCTPYKTYPHPOBAHHOTO BBICOKO-
MPOYHOTO JIMCTOBOTO MPOKAaTa CUCTEMbI JIETPOBAHHUS
Cr-Ni-Mo-V [1].

st aToro Oblia mMpon3BeieHa BHIUIABKA CIMTKOB
C pa3IMYHBIMU XMMHYECKMMH KOMIIO3ULMSIMHU, KOTO-
pble B MOCIENYIOIEM HarpeBaIuCh B KAMEPHOHN MEUYH
[IKM 3.6.2/125 no Ttemmeparypsr 1200°C. anee
OCYIIECTBILUIOCH OOXKAaTHE CIUTKOB C MPUMEHECHHUEM
rupasinyeckoro npecca [16334 (nmurariyist 4epHOBOM
CTa[MU TPOKATKH) M OJHOKJICTHEBOIO PEBEPCHBHOIO
crana ropsiuei mpokatk 500 «J[YO» (MMurtanust uu-
CTOBO# cTammu Tpokatku). Tepmuueckas 00pabOTKa
pacKaToB 3aKIIO¥aiach B 3aKalKe M IIOCIEIYIOIIEM
ormycke mpu Temmeparype 200-600°C [3-5]. ITocie
TepMUUECKOH 00paboTKu ObUTM 0TOOpaHBI OOpa3LbI
JUISL I3MEPEHUS. TBEPIOCTH U NIPOBEACHUS UCIIBITAHUH
Ha yZapHblii U3ru0. V3mMepeHne TBEpIOCTH MPOBOAM-
JIOCh 110 METO/Ty BpHHENIIS ¢ UCTIOIb30BaHUEM TBEPIIO-
criaproro mapuka o 'OCT 9012-59. Ucnbitanue Ha
yaapHbii u3rud nposogmwiock mo 'OCT 9454-78 na
obpastax ¢ V-00pa3HbIM KOHIIEHTPATOPOM.

PesyabTaTsl HCCIe10BAHMT

B nporecce uccnenoBanuii BBISIBIEHO, YTO C T10-
BhIllicHHEeM Temneparypbl otiycka ¢ 200 no 600°C
ynapHas Bs3kocth ctamn KCV ™ yeennunsaercs na
80 Jlx/cM®, HO HPM 3TOM TBEPAOCTH CHUKACTCS Ha
180 HB (ta6a. 1). Takxke mpH OTIYCKE BBICOKO-
NPOYHOM cTanu cuctems jieruposanust Cr-Ni-Mo-V
¢ 0,3% C B temmeparypHom uaTepBanie 250—-400°C
Ha0Jro1aeTcsl OJTHOBPEMEHHOE TTaJIeHHE TBEPIOCTH H
yIapHOH BA3KOCTH, YTO CBUJICTEIILCTBYET O Pa3BUTUH
HEOOpPaTHMOM OTITYCKHON XPYITKOCTH (CM. PHCYHOK).
CrenoBaresbHO, «CpeTHUNA» OTIYCK IJISl TAKUX CTa-
niell He peKOMEHAYETCS.

Tabnuna 1
PCByJ'ILTaTBI MEXAHUYECKUX UCIIBITAHUN BBICOKOIIPOYHOT'O
JIMCTOBOIO IMpoKaTa CUCTEMBI JICTUPOBAHUA

Cr-Ni-Mo-V ¢ 0,3% C

Temmepatypa MexaHHYECKHE CBOMCTBA (CpeHee 3HAUEHHE)
° VY napHas BSI3KOCTb,
oTmycka, °C Teepmocts HBW Tic/om?® KOV
200 495 41
250 477 37
300 415 32
350 415 29
400 375 33
450 375 50
500 363 73
550 341 94
600 321 118
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Brunsiue TemnepaTyphl OTIycKa Ha TBEPIOCTh
1 yAQpHYIO BI3KOCTh HAHOCTPYKTYPHPOBAHHOTO
BBICOKOIIPOYHOT'O JINCTOBOT'O NIPOKATa U3 CTAIH
cucrtemsl sierupoBanust Cr-Ni-Mo-V ¢ 0,30% C

Jnst monmydeHHsT 3aBUCUMOCTH MEXaHHYECKUX
CBOWMCTB OT XHMHYECKOTO COCTaBa W TEMIIEPaTyphl
OTIyCKa ObLT COOpaH MacCHB JIaHHBIX, COCTOSIIUN W3
60 mozummii. Jlamee moydeHHas BHIOOpKa 3HAYECHUIA
Obl1a pOBEpEeHa Ha OIHOPOAHOCTH METOIOM, PEKO-
mennoBanHbM E.H. JIbBoBCckuM [6, 7]. B ciyuae ecnu
Tmax > T [0,001; n-2] anemeHT BBIOOPKH MpPU3HABAJICS
AQHOMAJIBHBIM U UCKJTIOYAJICS] U3 MacCHBA.

[Tocne mpoBepku BHIOOPKH Ha OJXHOPOIHOCTD
OBLT TIpOBECH Koppenasuuonusiii anamms [9, 10]. B
KadecTBe (HaKTOPOB OBUIM PACCMOTPEHBI CIEIyIO-
e mapamerpel: Al, Si, S, P, Ti, Nb, B, C,; 1 Ty,
a B KadecTBe OTKIMKOB — TBepaocts (HBW) wu
ynapuas Baskocts (KCV ™).

[lo pesynbraTaM aHanwW3a BBIABICHO, YTO JUIA
orkimuka HBW 3HaumMbBIME OKa3aquch TOJBKO 2
(hakTopa — yriieponHsli SKBUBAICHT C,, M TEMITC-
patypa ormycka Top, a s otkmuka KCV ™ 3uaun-
MBIMHU OKa3aJHCh 3 (pakTopa — conepx aHue ceprl S
(% wmacc.), yruepoaHblit S5KkBHBaNCHT C., M TEMITE-
parypa otrycka Ty

Janee Ha OCHOBE MONYYEHHOW MH(pOpMAMK ObLT
IIPOBEICH MHOXKECTBEHHBIM PErPECCUOHHBIN aHAIIN3
o otkimkam HBW n KC\f4°, MOICYNTAHBI OCTATKHA U
[POBEPEHO OTCYTCTBHE HX ABTOKOPPELILUM 110 KpH-
teputo lapOuna-Yorcona [8]. IlomyyeHHbIC 3HAYCHUS
YIOBIIETBOPSIIOT TAaHHOMY KPUTEPHIO, CIIEIOBATEIIBHO,
MEXIy OTKJIMKaMH U (aKTOpaMH CYLIECTBYET B3aH-
MOCBSI3b, KOTOPYIO C JIOBEPUTENHHOH BEPOSTHOCTHIO
95% MOXKHO armpPOKCUMHUPOBATH MPE/ICTABICHHBIMH B
Ta0J1. 2 ypaBHEHUSIMH PETPECCHH.
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Tabmuna 2
[Tonmy4yeHHBIE B pe3yiIbTaTe CTATUCTHIECKOH 0OpabOTKH TaHHBIX 3aBUCHMOCTH
VpasHenHe perpeccun ['paHnyHbBIE yCIOBHS
h, MM Cos Ty °C S, % macc.
HBW =180 + 574C + 96Mn + 115(Cr + Mo + V) +
36 ) -0 38T(m ) [6-10] [0,49-0.89] | [25-590] -
KCV™ =76 — 2430S - 70C — 11,7Mn~
— 14(Cr + Mo + V) — 4,7(Cu + Ni) + 0,05y, [6-10] [0,49-0,89] [25-590] [0,001-0,009]
HBW = 264 + 440C + 73Mn + 88(Cr + Mo + V) +
© 280 e 35(Tm ) [20-30] [0,52-0,89] | [25-590] -
KCV ™ = 136 — 2931S — 139C - 23Mn-
— 27.8(Cr + Mo + V) — 9,3(Cu + Ni) + 0,05T, [20-30] [0,68-0,89] [25-250] [0,002-0,009]
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Abstract
Problem Statement: As part of the comprehensive project References
of creating a hi-tech production process, which is carried out 1. Chukin M. Salganik V.M., Poletskov P.P., Berezhnaya G.A.

by Nosov Magnitogorsk State Technical University together Gushchina M.S., Kuznetsova A.S., Alekseev D.Y. Analysis of

with Termodeform-MGTU LLC at the request of Magnito- technical requirements applicable to high-strenght nanostruc-
gorsk Iron and Steel Works, a process is being developed for tured sheet steel. Obrabotka sploshnykh i sloistykh materi-
the production of nanostructured flat rolled products having a alov [Solid and laminate materials processing]. 2014, no. 2,
unique combination of mechanical properties and capable of pp. 19-28. (In Russ.)

substituting similar imported products. Objectives: The ob- 2. Salganik V.M., Poletskov P.P., Gushchina M.S., Berezhnaya G.A,
jective is to look at how the chemical composition and the Kuznetsova A.S., Stekanov P.A., Alekseev D.Y. Some fea-

. . tures of procuding high-strength nanostructured sheet steel.
heat treatment conditions effect the hardness and the impact Vestnik Gomel'skogo gosudarstvennogo tehnicheskogo uni-

strength of nangstructured high-strength rolled sheet steel. versiteta im. P.O. Suhogo [Vestnik of Sukhoy Gomel State
Methods Applied: With the help of the Termodeform- Technical University]. 2015, no. 1, pp. 27-30. (In Russ.)

MGTU laboratory facilities, a number of ingots were pro- 3.  Yanyushevich Z. et al. The effect of tempering on the mechanical
duced, which had various chemical compositions and which properties and microstructure of high strength low alloy steel.
were later exposed to hot deformation and different modes of Metallovedenie i termicheskaya obrabotka metallov [Physical metal-

lurgy and heat treatment of metals]. 2014, no. 2, pp. 23-25. (In Russ.)
4. MW. Tong, P.K.C. Venkatsurya, W.H. Zhou. Structure-
mechanical property relationship in a high strength microalloyed

heat treatment. After the heat treatment, a number of samples
were prepared from the sheets for hardness and impact test-

ing. The results of the mechanical tests were then analysed steel with low yield ratio: The effect of tempering temperature.
for statistics. Originality: The originality of this work in- Materials Science and Engineering, 2014, vol. 609, pp. 209-216.
cludes the mathematical dependences established which 5. Pradipta Kumar Jena, Ponguru Senthil P., Siva Kumar K.
show how the chemical composition and the heat treatment Effect of tempering time on the ballistic performance of a high
conditions can effect the hardness and the impact strength in strength armour steel. Journal of Applied Research and

Technology, 2016, vol. 14, pp. 47-53.
6. Lvovsky E.N. Statisticheskie metody postroeniya empericheskikh
formul: Ucheb. posobie dlya vtuzov. 2-e izd., pererab. i dop. [Statisti-

high-strength rolled sheet steel. Findings: Following the
statistical analysis of the experimental data, equations were

obtained that show how the chemical composition and the cal methods of building empirical formulae. A guide for technical uni-
heat treatment conditions effect the hardness and the impact versity students: 2nd ed.: revised and extended]. Moscow: Higher Sk.,
strength of high-strength rolled sheet steel. Also, it was found 1988, 239 p. (In Russ.)

that the temperature range of 250 to 400 °C does not prove to 7. Rumyantsev M., Ruchinskaya N.A. Statisticheskie metodyi
be a good tempering temperature for high-strength Cr-Ni- dlya o_brabotk| i analiza ch!slpvoy informatsii, kontrolya i up-
Mo-V steel with 0.3% of carbon as it can lead to constant ravleniya kachestvom [Statistical methods for processing and

analysis of numerical information and for control and quality

temper brittleness. Practical Relevance: The mathematical management]. Magnitogorsk: Nosov Magnitogorsk  State
dependences established enable to create new or improve the Technical Uni\'/ersity 2008. 207 p. (In Russ.)
current high-strength rolled sheet steel production processes. g Smimov N.V., Dunin-Barkovskii L.V. Kurs teorii veroyatnostey i ma-

- Hinh. tematicheskoy statistiki dlya tehnicheskih prilozheniy [A course in the
Keywords: High-strength steel, heat treatment, hardness, probability theory and mathematical statistics for technical applica-

toughness, statistical analysis. tions]. Moscow: Nauka, 1969, 211 p. (In Russ.)

This research was conducted as part of the major project 9 Minko AA. Statisticheskly analiz v MS Excel [The statistical
aimed at creating a hi-tech production technology and to be gggg’sﬁénp M(ﬁ] Eﬁgg')]' Moscow. Williams Publishing House,
Imple_mer]ted_ in cooperation with a Russian hlg_her educa- 10. Borovikov V. STATISTICA. Iskusstvo analiza dannyih na
tion institution (Contract 02.G25.31.0105) with support kompyutere [STATISTICA. The art on computer analysis of

from the Russian Ministry of Education and Science. data. S. Petersburg, 2003, 688 p. (In Russ.)
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